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1 . Applicant's arguments filed 6/7/05 have been fully considered but they are not

persuasive.

2. Applicants argue on p. 2, lines 7-10 that "35 USC 102(e) is inapplicable... in the

English language"". However, 35 USC 102(a) is applicable to Gannaway and

Bombardier et al references.

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(a) the invention was known or used by others in this country, or patented or described in a printed

publication in this or a foreign country, before the invention thereof by the applicant for a patent.

4. Claims 13-14, 18, 33-34, 38, 49, 54-60 are rejected under 35 U.S.C. 102(a) as

being anticipated by Gannaway (GB 2376585) or Bombardier et al (WO 03/027706).

Gannaway teaches a system and a method for determining a position of a

moving platform including transmitting a carrier signal from one of the moving platform

and a stationary platform, receiving a received signal at the other of the moving and

stationary platforms, deriving a frequency shift between the carrier signal and the

received signal, calculating the apparent closing velocity using the frequency shift and a

frequency of the carrier signal, and estimating the position of the moving platform by

monitoring the apparent closing velocity over a period of time; wherein the stationary

platform comprises a transmitter coupled to a railway track, and wherein the moving

platform is a locomotive. See abstract; p. 5, lines 10-19, p. 6, lines 7-10, p. 10, lines 4-

13, p. 8, line 26-p. 9, line 1 1 ; fig. 2.

»



Application/Control Number: 1 0/621 ,686 Page 3

Art Unit: 3662

Bombardier et al teach a system and a method for determining a position of a

moving platform including transmitting a carrier signal from one of the moving platform

and a stationary platform, receiving a received signal at the other of the moving and

stationary platforms, deriving a frequency shift between the carrier signal and the

received signal, calculating the apparent closing velocity using the frequency shift and a

frequency of the carrier signal, and estimating the position of the moving platform by

monitoring the apparent closing velocity over a period of time; wherein the stationary

platform comprises a transmitter coupled to a railway track, and wherein the moving

platform is a locomotive. See abstract; p. 2, lines 5-14, p. 3, lines 13-15, p. 4, lines 10-

21, p. 7, lines 18-26.

5. Claims 50-53 are objected to as being dependent upon a rejected base claim,

but would be allowable if rewritten in independent form including all of the limitations of

the base claim and any intervening claims.

6. Claims 1-12, 15-17, 19-32, 35-37, 39-48 are allowed.

7. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Dao L. Phan whose telephone number is (571)272-

6976. The examiner can normally be reached on M-F 9:00-5:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Thomas Tarcza can be reached on (571)272-6979. The fax phone number

for the organization where this application or proceeding is assigned is 703-872-9306.
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8. Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-21 7-91 97 (toll-free). ^
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The invention concerns method and a device for locating vehicles. The invention is

suitable for use in locating railroad vehicles, but is not limited to this use.

For many applications the route for vehicles is specified and determining a block segment

of the route in which a vehicle is located or certain points ofthe route that the vehicle passes is of

great importance.

The known mobile radio based location methods that measure the angle, time or time

difference ofthe propagations of radio signals between the vehicle and mobile radio stations,

achieves a precision barely under 100 m, for example, because of multipath propagation.

The existing satellite location systems, for example, GPS, do not achieve the necessary

availability for many uses, because of blocking of the satellite signals, for example, in tunnels.

The task ofthe invention is to remedy the described disadvantages ofthe prior art and to

propose a method and a device for locating vehicles, especially railroad vehicles, which in each

case enables precise location ofthe vehicle while having high availability.
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This task is solved by methods for locating vehicles in accordance with the traits of 12*

Claims 1, 2, 4 and 5 and by a device in accordance with the traits of Claim 7.

The vehicle whose position is to be determined on a known and/or predetermined route,

is fitted with at least one mobile radio apparatus which can send and/or receive radio signals to

and/or from mobile radio stations.

The antennae of the mobile radio stations are situated along the route and can send and/or

receive the radio signals to and/or from vehicles with the mobile radio apparatus. The Doppler

frequency of the radio signal is measured at the vehicle and/or the mobile radio stations.

The passage of the vehicle past the points on the route at which the line connecting the

antenna ofthe radio-linked mobile radio station is perpendicular to the line ofthe route is

determined by evaluating the Doppler frequency change around the point of the null Doppler

frequency.

At least two mobile radio stations, at which the measured Doppler frequencies to the

vehicle or to which the measured Doppler frequencies at the vehicle have different signs, are

evaluated in order to detect the segment in which the vehicle is located. The segment in which

the vehicle the located is determined by the route between these mobile radio stations.

The invention can, but does not have to, be based on a mobile radio system in order to

detect block segments.

When used in the railroad field it is additionally advantageous for the track-side /3

GSM-R antennae to be situated within 5 m perpendicular to the rails, so that the change ofthe

Doppler frequency between the vehicle fitted with the radio apparatus and the track-side

antennae is very strong in the region ofthe antennae. The invention utilizes this property for

location, so that it is possible to identify points near the antennae by measuring the Doppler

frequency changes or recognize the route segments by measuring the Doppler frequencies with

two mobile radio stations at which the Doppler frequencies have different signs.

Within a route segment the traversed path can be determined by an additional sensor like

an odometer or via the integrated Doppler frequency.

Compared to the known mobile radio based location methods, the method in accordance

with the invention has higher precision in location, especially at the boundaries of route

segments and has a more reliable block segment recognition. The method in accordance with the

invention is insensitive to multipath propagation. Time synchronization errors can easily be

determined by standard measurement without additional sensors.

* [Numbers in the right margin indicate the pagination of the original foreign text.]
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Compared to satellite location, the invention can offer better locating availability, for

example, through GSM-R. Another advantage lies in the fact that no additional infrastructure is

necessary if an existing network, for example, GSM-R, is used.

The invention is illustrated in more detail below by means of the embodiment examples /4

shown in the drawing. The figures are schematic and not to scale.

Figure 1 shows a vehicle route with devices for location ofa railroad vehicle moving on

the route and

Figure 2 shows a route with devices for locating the route segment in which a railroad

vehicle is situated.

Figure 1 shows the principle of location in a representation of a route with devices for

location of a railroad vehicle moving along the route. A railroad vehicle 1 with a mobile radio

apparatus 2 moves from position A to position B and a mobile radio station 3 is in the vicinity of

the route, in this case the track. The received mobile radio frequency at vehicle 1 or at mobile

radio station 3 changes with respect to the sender frequency because ofthe Doppler effect.

Theoretically, this frequency change caused by the relative speed between sender and receiver,

the so-called Doppler frequency f, is null at position O, since the relative speed between sender

and receiver at point s = O vanishes. The Doppler frequency fin front of position O (for

example, s = A - O) and after position O (for example, s = O - B) has different signs ifthe

vehicle 1 is moving. By measuring the Doppler frequency fthe passage ofthe vehicle 1 at

position O can be recognized and the route segments separated by position O can be

differentiated by means ofthe sign change ofDoppler frequency f.

If this determination of position is to be done in vehicle 1, the mobile radio apparatus 2 15

accordingly must have at least one receiver and the mobile radio station 3 must have at least one

sender. The signal transmitted by the sender of mobile radio station 3 at a specific frequency is

received by the receiver of mobile radio apparatus 2. Here the transmitted GSM signal contains a

user identification or a base station identification, which is also sent at the same time. The

change of frequency ofthe received signal is detected and evaluated.

The GSM system uses an uplink and downlink frequency block. Each ofthese frequency

blocks consists of 125 frequency channels. At the moment at which the sender and the receiver

can communicate with each other, the frequency channel or the carrier frequency ofthe receiver

is known.

Preferably, the difference to the sender frequency caused by the Doppler effect or the

nominal carrier frequency of the signal which is known for the sender and the receiver, is

determined and a sign change of this difference frequency is detected and interpreted as the

location of vehicle 1 at position 0 ofthe route perpendicular to mobile radio station 3.
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If this determination of position is to be carried out outside of the vehicle 1 whose

location is to be determined, in particular in the mobile radio station 3, the radio mobile

apparatus 2 must accordingly have at least one sender and the mobile radio station 3 must have at

least one receiver. The signal sent by the sender ofthe mobile radio apparatus 2 in a specific

frequency is received by the receiver ofthe mobile radio station 3. The change of frequency of 16

the received signal is detected and evaluated. Preferably, the difference from the nominal

transmission signal caused by the Doppler effect is determined and a sign change of this different

frequency is detected and interpreted as locating vehicle 1 in position O of the route vertical to

mobile radio station 3. Figure 1 additionally shows a schematic f-s diagram, where position O

was defined by s = 0.

Ambiguities may arise ifthere is just one mobile radio station, for example, ifthe

direction ofthe travel and the location in which the vehicle is located are not known or if the

vehicle stops within a segment and then travels in the reverse direction. These ambiguities can be

avoided with two mobile radio stations, at which or to which the measured Doppler frequencies

at the vehicle have different signs. The route can, as Figure 2 shows, have route segments K and

K+l that are separated by null Doppler frequency points, for example, three positions i-1, i and

i+1 lying along the route. The first mobile radio station 4 assigned to the first position i-1 and the

second mobile radio station 5 assigned to the second position i delimit the first route segment K.

The second route segment K+l, which is adjacent in this example, is delimited by the second

mobile radio station 5 and the third mobile radio station 6 which is assigned to the third position

i+1.

If a vehicle 7 with a mobile radio apparatus 8 on it travels in the given direction, passage 11

ofthe vehicle 7 at the null Doppler frequency points of positions i-1, i and i+1 and the location

segments K and K+l can be determined by the evaluation ofthe Doppler frequency f that was

described above.

In Figure 2 the first location segment K is identifiable by the mobile radio station at

positions i=l and i that give rise to different signs of the Doppler frequencies f. Thus, as shown

in Figure 2, the vehicle 7 is situated in the first location segment K.

Ifthe determination ofthe position is to be carried out within vehicle 7 whose location is

to be determined, the mobile radio apparatus 8 accordingly must have at least one receiver and

the mobile radio stations 4, 5 and 6 must each have at least one sender. The signal transmitted by

the senders ofthe mobile radio stations 4, 5 and 6 in a specific frequency is received by the

sensor of the mobile radio apparatus 8.

The receiver can in this case distinguish the sender signals by their frequencies. The

frequency channels serve for this. However, there are also other possibilities for distinguishing

the sender signals, such as time division multiplex access (TDMA) and code division multiplex



access (CDMA). The GSM standard uses various frequencies and time slots. On the other hand,

UMTS gives priority to the use ofCDMA. In CDMA different codes belonging to different

senders can be based on one frequency.

The frequency shifts caused by the Doppler effect are measured in mobile radio apparatus

8 and the signs ofthese frequency shifts are compared with each other. Ifthe signs of the

frequency shifts oftwo mobile radio stations 4 and 5 that form one route segment K are different,

it is concluded that the vehicle 7 is located within this route segment K. Ifthe signs ofthe

frequency shifts oftwo mobile radio stations 5 and 6 that form a route segment K+l are the

same, it is possible to conclude that the vehicle 7 is situated outside of this route segment K+l.

If the determination of position is to be done outside of the vehicle 7 whose location is to

be determined, for example, at a higher central authority, the mobile radio apparatus 8

accordingly must have at least one sender and the mobile radio stations 4, 5 and 6 each must

have one receiver. The signal transmitted by the sender of mobile radio apparatus 8 in a specific

frequency is received by the receivers ofthe mobile radio stations 4, 5 and 6. The frequency

shifts caused by the Doppler effect are measured in each ofthe mobile radio stations 4, 5 and 6

and the signs of the frequency shifts are compared with each other. Different signs ofthe

frequency shifts oftwo mobile radio stations 4 and 5 forming one route segment K indicate that

the vehicle 7 is situated outside of this route segment K. Like signs ofthe frequency shifts oftwo

mobile radio stations 5 and 6 that form a route segment K+l indicate that the vehicle 7 is situated

outside of this route segment K+L

Advantageously, the mobile radio stations 4, 5 and 6 are situated in the vicinity of the

route, since in this way the precision of the location method is increased. Ifthe method is

used in particular in the railroad field, it is additionally advantageous for the track-side GSM-R

antennae to be within 5 m across from the track, so that the change ofthe Doppler frequency f

between the vehicle 1 or 7 fitted with mobile radio apparatus 2 or 8 and the track-side antennae

of mobile radio stations 4, 5 and 6 is very strong in the vicinity ofthe antennae.

The senders or the receivers can send or receiver, for example, continuously or at

intervals. In addition, it is possible to limit the transmission range ofthe sender and/or the

effective range ofthe receiver in order to reduce nuisance signals.

Claims

L A method for locating vehicles, especially railroad vehicles, which is characterized by

the fact that

- a signal in at least one specific frequency is transmitted from at least one sender to at

least one mobile radio station (3) outside of a vehicle (1) that is to be located and lying along the

route of the vehicle ( 1 ),
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- the signal transmitted by the sender is received by the receiver of a mobile radio

apparatus (2) within the vehicle (1) that is to be located, and

- the change of frequency ofthe received signal is detected and evaluated.

2. A method for locating vehicles, especially railroad vehicles, which is characterized by

the fact that

- a signal is transmitted in at least one specific frequency from a sender of a mobile radio

apparatus (2) within a vehicle (1) that is to be located,

- the signal transmitted by the sender is received by at least receiver of at least one mobile

radio apparatus (3) outside ofthe vehicle (1) that is to be located and

- the change of frequency ofthe received signal is detected and evaluated.

3. A method as in Claim 1 or 2, which is characterized by the fact that the frequency /l 1

shifted in comparison with the carrier frequency ofthe signal, which is caused by the Doppler

effect (Doppler frequency) is measured, the change ofthe shift of the Doppler frequency is

evaluated, in particular a change of sign of this Doppler frequency shift is detected, and is

interpreted as the position ofthe vehicle (1) at a position (O) of a route perpendicular to mobile

radio station (3).

4. A method for locating vehicles, especially railroad vehicles, which is characterized by

the fact that

- the senders of at least two mobile radio stations (4, 5, 6) outside of a vehicle (7) that is

to be located each send at least one signal with specific frequencies,

- at least one receiver of at least one mobile radio apparatus (8) within the vehicle (7)

receives the signals transmitted by the senders ofthe mobile radio stations (4, 5, 6) and

- the Doppler frequency shifts are measured with respect to the carrier frequencies ofthe

sent signals and the signs of the Doppler frequency shifts are compared with each other.

5. A method for locating vehicles, especially railroad vehicles, which is characterized by

the fact that

- at least one sender of a mobile radio apparatus (8) within a vehicle (7) that is to be

located sends a signal with at least one specific frequency,

- the receivers of at least two mobile radio stations (4, 5, 6) outside of the vehicle (7) /U

receives the signal transmitted by the sender ofthe mobile radio apparatus (8), and

- the Doppler frequency shifts are measured with respect to the carrier frequency of the

sent signals and the signs of the Doppler frequency shifts are compared with each other.

6. A method as in Claim 4 or 5, which is characterized by the fact that from the different

signs ofthe Doppler frequency shifts oftwo mobile radio stations (4, 5) forming a route segment

(K), it is concluded that the vehicle (7) is located within this route segment (K) and/or from the
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like signs of the Doppler frequency shifts oftwo mobile radio stations (5, 6) forming a route

segment (K+l), it is concluded that the vehicle (7) is outside of this route segment (K+l).

7. A device for locating vehicles, especially railroad vehicles, in particular for conducting

a method as in one of the preceding claims, which is characterized by

- at least one sender within and/or outside of a vehicle to be located (1,7), where the

sender sends a signal with at least one specific frequency,

- at least one receiver outside of and/or inside the vehicle (1, 7), where the receiver

receives the signal ofthe sender,

- at least one evaluator circuit that is linked to the receiver, where the evaluator circuit /13

measures and evaluates the change ofthe Doppler frequency shift and/or the Doppler frequency

shifts.

8. A device as in Claim 7, which is characterized by the fact that the minimum of one

sender and/or receiver situated outside of the vehicle that is to be located (1, 7) is situated in the

vicinity of the route ofthe vehicle (1,7), preferably a maximum of 5 m from the route.

9. A device as in Claim 7 or 8, which is characterized by the fact that the evaluation

circuit contains means that measure the Doppler frequency shifts, detects a change of sign of

these Doppler frequency shifts, and interprets it as the location ofthe vehicle (1) at a position (O)

of a route perpendicular to the sender and/or receiver located outside of the vehicle to be located

(i).

10. A device as in one of Claims 7-9, which is characterized by the fact that the evaluator

circuit contains means that, from different signs ofthe Doppler frequency shifts oftwo mobile

radio stations (4, 5) forming a route segment (K), concludes that the vehicle (7) is within this

route segment (K) and/or from like signs of the Doppler frequency shifts oftwo mobile radio

stations (5, 6) forming a route segment (K+l), concludes that the vehicle (7) is /14

located outside of this route segment (K+l).

1 1 . A device as in one of Claims 7-10, which is characterized by the fact that the sender

and/or receiver are a part of a GSM-R network.
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Fig. 2
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